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Tissue and cultured fibroblasts derived from one pa-
t ient with the classical findings of lipoid proteinosis have 
been used to examine pathologic mechanisms in the 
disease. Ultrastructural examination of the skin re-
vealed not only extracellular deposits of finely granular, 
moderately electron dense material, but in addition the 
dermal fibroblasts characteristically demonstrated 
marked cytoplasmic vacuolization. Phase contrast mi-
croscopy of the cultured skin fibroblasts also showed 
strikingly abnormal cells with many inclusions, which 
by electron microscopy were delimited by a single mem-
FIG 1. Verrucous, nodular lesions of lipoid proteinosis on the knee. 
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brane. Membranous lamellar material was also in-
creased in these cells. Biochemical analysis of the fibro-
blasts revealed a 3- to 4-fold elevation in intracellular 
hexuronic acid. These morphologic and biochemica l 
findings suggest certain similarities with known storage 
diseases and support the postulate that lipoid proteinosis 
may r epresent a lysosomal storage disease. 
Lipoid proteinosis is a rare, recessively inherited disorder 
characterized by the occurrence of numerous flesh-colored pap-
ules and verrucous nodules involving the skin and mucous 
membranes. These lesions are histologically associated with the 
deposition of a hyaline-like material [1-3]. This am orphous 
infil trative material is not limited to the f''tin, but can be fo und 
deposited in essentially every organ of tl- · body [ 4], suggesting 
that lipoid proteinosis may, in fact, be a mult isystem storage 
disease. 
The underlying metabolic defect in lipoid proteinosis is un-
known. Although the skin papules contain abundant lipids [5], 
in vitro studies of lipid metabolism have failed to disclose any 
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FIG 2. Photomicrograph of lipoid proteinosis verrucous lesion. Note 
the homogeneous deposits of hyaline- like materia l in the upper mid-
dermis and the "onion-skin" appearance around the blood vesse ls. 
(hematoxylin and eosin, reduced from X 90) . 
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abnormality [6]. In addition, although it has been postulated 
that some aberration exists which results in the deposition of a 
glycoprotein in the skin and other organs, the nature of the 
defect has not been elucidated [1, 2, 7]. Based on the finding of 
increased a5SO. ~ incorporation into mucopolysaccharide by skin 
slices from a patient with lipoid proteinosis, Moynahan [8] 
suggested that lipoid proteinosis might result from an abnor-
mality in mucopolysaccharide metabolism. In this report we 
present the morphologic and biochemical findings in a patient 
severely affected with lipoid proteinosis. Both in vivo findings 
and cell culture data suggest that lipoid proteinosis may be a 
lysosomal storage disease. 
METHODS 
Clinical 
A 62-yr-old white male of German extraction presented to the 
Washington University Medical Center in May 1976, with a 6-mo 
history of an eczematous dermatitis of his feet. The history and physical 
examination, aside from the eczematous dermatitis, were remarkable 
for the presence, since early childhood, of nodular and verrucous 
excrescences over many bony prominences including the dorsum of the 
hands and fingers, the palms, and the elbows and knees (Fig 1). Similar 
lesions were present on the palpebral margins and there were pitted 
scars on the cheeks. The patient was edentulous and had been hoarse 
for many years. There was indurat ion of the frenulum of the tongue 
and a marked decrease in the ability to protrude the tongue. No other 
member of his kindred had similar lesions. The remainder of the 
physical examination was normal except for a weeping, fissured der-
matitis of both feet assoc iated with moderate pedal edema. 
Relevant laboratory data included a normal hemogram, glucose 
Vol. 76, No.2 
to lerance test, serum protein electrophoresis and immunoelectropho-
resis of the serum and urine. The erythrocyte sedimentation rate was 
71 mm/hr. The blood urea nitrogen and creatinine were 24 mg/ dl and 
1.5 mg/dl respective ly. Urinalys is revealed a specific gravity of 1.016 
and a 1-3+ protein on several occasions. A 24-hr urine collection showed 
778 mg of protein and the creatinine clearance was 80 ml/min. Urinary 
excretion of mucopolysaccharides was 12.7 mg/24 hr (within normal 
limits). An intravenous urogram and skull radiographs were norma l. A 
patch test was 4+ positive for formalin . 
Histology 
Skin biopsies for light and e lectron microscopy were taken under 
local anesthesia with 1% lidocaine after obtaining informed consent. 
For light microscopy the specimens were fixed in 10% neutral formalin 
and processed routinely. The sections were stained with hematoxylin-
eosin, trichrome-Masson, PAS (with and without digestion with disas-
tase for 30 min at 37° ), a lcian blue, Congo red and oil red 0. 
For e lectron microscopy a portion of the skin biopsy was fixed in 5% 
buffered glutaraldehyde prior to sectioning and post-fixed in osmium. 
Tissue sections were double stained with lead citrate and uranyl acetate 
and viewed with a Phillips 300 transmission electron microscope. For 
examination of cul tured skin fibroblasts by electron microscopy, cells 
were harvested by scraping, suspended in Hank's balanced salt solu tion 
(Microbiological Associates) and collected by low speed centrifugation 
(15 min, 400 rpm). After decanting the supernatant fluid , the cell pelle t 
was fixed in 5% buffered glutaraldehyde and processed as noted above. 
Fibroblast Cultures 
Lipoid proteinosis fibroblast cultures were initiated from a biopsy 
taken from skin adjacent to one of the verrucous lesions. Fibroblasts 
from 2 patients with Hunter's syndrome were purchased from the 
FIG 3. E lectron micrograph of verrucous lesion. (A) Subepidermal space. Note the microfibrillar appearance of the deposits interspersed 
among the collagen fibers and the linear arrangement of displaced anchoring fibrils (arrows). (reduced from x 10,300); bar= 1 f.tm. (B) Dermal 
venule showing marked reduplication of the basal lamina (bl) and deposits (d) of microfibrillar material in the adventitial- space (reduced from 
x 4,500); bar= 1 f.tm. 
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FIG 4. E lectron micrograph of dermis. (A) Dermal myofibroblast . 
Note the prominent rough endoplasmic reticulum and the centrally 
located cytoplasmic inclusions as well as the peripherally located myo-
filaments (arrows) (reduced from X 5600); bar = 1 1-1m. (B) Dermal 
fibroblast with dense inclusions (reduced from X 4500); bar= 11-1m. 
Human Genetic Mutant Cell Repository. Both mutant fibroblasts and 
control cells from normal individuals were subcultivated in Dulbecco's 
Modified Eagle's medium containing 20% fetal calf serum and 200 uni ts 
of penicillin and 200 1-Lg of streptomycin per ml. The fibroblasts were 
passed serially by trypsinization and were used in the 2nd to 5th 
passage. 
Incorporation oe''SO, - into Proteoglycans 
For labeling experiments, confluent cu ltures were washed 3 times 
and incubated in the above medium adjusted to pH 6.8 with nonvolatile 
buffers, 10 mM piperazine-N, N' -bis(2-ethanesulfonic ac id) and 15 mM 
N , N' -bis(2-hydroxethyl)-2-amino-ethanesulfonic acid and further mod-
ified by substituting MgCb for MgSO, and reducing the NaHCO" 
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concentration to 1.6 g/ liter, as described by Lie, McKusick, and Neufeld 
[9]. The cells were labeled with 4-20 X 106 cpm/ ml of carrier-free Na2 
"''SO, (New England Nuclear) and a t varying intervals, the cells were 
washed with Hank's balanced salt solution, trypsinized, harvested by 
centrifugation, and extracted 4 times with boiling 80% ethanol as 
described by Fratantoni, Hall, and Neufeld [10]. The extracted cell 
residue was dissolved in 10% NaOH for determination of radioact ivity. 
Labeled proteoglycans were determined in the meclium after dialysis 
for 4 hr against 0.1 M (NH,)>SO, and 48 hr against running tap water 
before determining the radioactivity. 
Other Assays 
Chemical quantitation of total hexuronic acid was determined by the 
carbazole method [11]. Cells were lysed by sonication and a sample was 
removed for DNA determination. The remainder of the lysates were 
hydrolyzed for 4 hr at 37° in a final concentration of 0.15 M NaOH. 
After neutralization with acetic acid, any insoluble residue was removed 
by centrifugation and the glycosaminoglycans were precipitated with 
1% cetylpyridinium chloride. This precipitate was then dissolved in 
0.075 M NaCl and assayed. DNA was determined using established 
methods [12]. 
RESULTS 
Although the epidermis was acanthotic and had a mildly 
verrucous configuration, the major histologic findings were in 
the superficial dermis, which showed extensive deposits of an 
amorphous, eosinophilic material (Fig 2). The coils of the sweat 
glands were also surrounded by the thick hyaline substance. 
The small and medium-sized vessels had a pronounced "onion-
skin" proliferation of the adventitia with a similarly hyalinized 
eosinophilic appeamnce. The hyaline material and the perivas-
cular lamellar area were strongly PAS positive and diastase 
resistant, while the alcian blue stain was positive only in the 
perivascular spaces and around sweat glands and hair follicles. 
The hyaline material was blue with Masson's trichrome and 
pale, pink-orange with Congo red. Lipids, as demonstrated by 
the oil red 0 stain, were present sparsely. 
Ultrastructurally, the hyaline was composed of large collec-
tions of finely granular, moderately electron dense material 
containing fine, nonbranching microftlaments of short length 
(Fig 3A). These deposits were mostly interstitial but were also 
found between the layers of markedly reduplicated basal lamina 
of the dermal vessels and epidermis (Fig 3B). Anchoring fibrils 
were seen in connection with the uppermost layers of the basal 
lamina and occasionally in a linear arrangement in the dermis 
without an obvious connection with basal lamina material. Of 
FIG 5. Electron micrograph of dermis. Note the rounded, centrally 
located elastic fiber and 3 electron dense structures (arrows) (reduced 
from x 6,800); bar = 11-1m. 
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FIG 6. Phase contrast micrograph of cultured fibroblasts . (A) Con-
trol fibroblasts from a normal individual. (X 100). (B) Lipoid proteinosis 
fibroblasts. (X 100) . (C) Lipoid proteinosis fibroblasts. (X 200). 
particular interest was the observation that some fibroblasts 
appeared enlarged and contain ed, in addition to the dense, 
rough endoplasmic reticulum, numerous membrane bound, ir-
regular, moderately electron dense and variegated cytoplasmic 
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inclusions. In addi tion, some fibroblasts displayed arrays of 
microfllaments, and numerous pinocytic vesicles were found 
along the cellular membrane (Fig 4) . Elastic and collagen fibers 
appeared to be normal. Rounded structures with a very electron 
dense external layer and electron lucent core were observed 
commonly in or amund mature elastic fibers. These structuxes, 
which appeared to be calcified, sometimes displayed a double 
contour and measured up to 700 nm in diameter (Fig 5). 
Since t hese in vivo morphologic findings were suggestive of 
a lysosomal storage disease [13], fibroblast cultures were initi-
ated to examine this possibility further. Fibroblasts derived 
from a biopsy of the skin bordering an exophytic lesion were 
strikingly abnormal by phase contrast microscopy. Compared 
to fibroblasts from normal control individuals (Fig 6A), many 
of the cells were characterized by a large granular cytoplasm 
with vacuoles scattered throughout t he cytoplasm (Fig 6B and 
6C). In some cells these vacuoles almost totally replaced the 
cytoplasm, result ing in peripheral displacement of the nucleus. 
When examined by electron microscopy (Fig 7), the fibro -
blasts displayed findings again strikingly similar to t hose of 
known lysosomal storage diseases. The cytoplasm was enlarged 
and there was a peripherally displaced nucleus, which had a 
moderately dense, marginated chromatin and complex nuclear 
bodies. The majority of the cytoplasm was fill ed with variegated 
inclusions. The round to oval cytoplasmic vacuoles were either 
empty (Fig 7A) or contained a moderately dense, homogeneous, 
amorphous material (Fig 7B) surrounded by a thin single mem-
brane. Others ranged from lamellar (myelin) bodies to lysoso-
mal structures with an amorphous or flocculent content of 
variable electron density. Occasionally, curvilinear membra-
nous, lamellar and dense inclusions (Fig 8) as well as micro-
and macrogranular mult ivesicular bodies were seen (not 
shown) . 
In an attempt to define the nature of the material being 
synthesized by the lipoid proteinosis fibroblasts in culture, the 
hexuronic acid content was determined. As shown in Table I, 
when compared with the hexuronic acid content of 6 normal 
control cell strains, the lipoid proteinosis cul tured fibroblasts 
displayed a 3- to 4-fold increase in total hexuronic acid 
(p<0.001). 
These studies were extended by examining the incorporation 
of ar.S04- into proteoglycans. As shown in Table II (Exp 1) 
there was approximately a 20% increase in '~"So.,- - labe led com-
pounds in the medium and a 10% increase in total sulfate-
labeled material. Since t he cell-layer associated material in 
Experiment 1 was indicative of both intracellular and pericel-
lular ma terial, the cell-layer associated material was fraction-
ated further by trypsinization of the cells to refl ect only the 
intracellular a''SO,- -labeled compounds (Table II, Exp. 2) . In 
this case, an approximate 25% increase was observed in the 
lipoid proteinosis cells. Since these data indicated a modest 
increase in intracellular sulfated material, the degradation of 
''''SO,- -labeled intracellular compounds was examined (Table 
III) . For these studies a single large culture of cells was labeled 
for 6 days, after which the cells were passed and incubated for 
24 hr in fresh unlabeled culture medium during which the loss 
of intracellular C"SO, - ]proteoglycans was followed . In t he 5 
control cell strains, a mean value of 22% of the ""So.,- -la beled 
compounds remained after a 24-hr chase period (range, 16.0-
25.9%), whereas in the lipoid proteinosis cells, 35% of the a"S04 - -
labeled material remained. This value was intermediate be-
tween those of the normal control cells and those derived from 
2 patients with Hunter's syndrome, which in the same experi-
ment, retained 62 and 86% respectively of the intracellular 
[""SO, - )glycosaminoglycans after a 24-hr chase period. 
DISCUSSION 
In t his study we have utilized t issue and cells derived from a 
patient with the classical findings of lipoid proteinosis to ex-
amine pathologic mechanisms in the disease. The in vivo mor-
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F IG 7. E lec tron micrograph of cul tured lipoid proteinosis fibroblasts. (A) Note the memb rane- bound cytoplasmic inclus ions which have lost 
their contents during the processing procedure (reduced from X 6800; bar = I JLm . (B) Note that other variegated membrane-bound inclusions 
reta in some or a ll of their contents. (X 10,300); bar = 1 JLm . 
phologic findin gs were of particular interest because of the 
presence in the dermis of fibroblas ts showing marked cytoplas-
mic vacuolization (Fig 4) in addition to the other reported 
features of the disease [14). This morphologic finding was a lso 
expressed in vitro where cultures of the patien t's cells revealed 
striking abnormalities when examined by phase microscopy 
(Fig 6). Ult rastructurally, there were vacuoles delimited by a 
single membra ne and a large amount of membranous lamellar 
materia l (Fig 7). Although this ultrastructural morphology sug-
gested ce rta in similarities between lipoid proteinosis and known 
lysosomal storage diseases [15], such as the mucolipidoses [e.g., 
fucosidosis [16, 17) or GM, gangliosidosis [16,18]), ceroid lipo-
fucinosis [16,19], or the mucopolysaccharidoses [16,20-22) , the 
use of enzyme histochemistry a nd, more importantly, assaying 
for particular lysosomal enzym es will ultimately be required to 
establish the definitive nature of lipoid proteinosis as a possible 
storage disease. It is important to emphasize that our findin gs 
are from only one pat ient a nd , a lthough electron microscopy 
can be used to elucidate the existence of various storage dis-
eases, the ultrastructural appearance of the material in the 
inclusions is of li ttle help in differentiating its biochemical 
nature. 
In this regard, we sough t to define lipoid proteinosis further 
as a pu tative storage disease by examining the content of t his 
· pat ient's cul tured fibroblasts. The existence of a 3- to 4-fold 
increase in the hexuronic acid content of the cells (Table I) 
provides evidence for the presence of an abnormal amount of 
complex sugars, such as might be expected if there were a 
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FIG 8. Composite electron micrograph of the inclusions in cultured lipoid proteinosis fibroblasts. Note the lamellar (l), membraneous (m) and 
dense (d) membrane-bound structures (x 25,000); bar = 1 Jlm. 
TABLE I. Hexuronic acid content of normal and lipoid proteinosis 
fibroblas.ts 
Culture 
Controls (n = 6) 
Lipoid proteinosis (n = 2) 
"Mean± SE. 
Hexuronic acid 
I'IJI I'C DNA" 
0.58. ± 0.14 
2.14 ± 0.03" 
% of Control 
364 
"p < 0.001 compared to the control cul tures. 
TABLE II. e '·so, -1 Proteoglycans in normal and lipoid proteinosis 
fibroblast cultures 
["''SO,- ) Compounds" 
Culture Cell-layer 
associated Medium Total 
cpm/p.g DNA cpm /p.g DNA cpm/p.g DNA 
Exp. 11' 
Controls (n = 2) 1071 ± 76 3232 ± 387 4303 ± 311 
Lipoid Proteinosis (n 686 ± 50 4064 ± 1086 4749 ± 1135 
= 2) 
Exp. 2'" 
Controls (n = 5) 523 ± 27 ND ND 
Lipoid Proteinosis (n 649 ND ND 
= 1) 
" Confluent cultures were incubated for 6 days with approximately 9 
X 16,; cpm/ ml "''SO,- . Data are expressed as mean± SE. 
" Cells were harvested by scraping the cell layer and the data reflect 
both intracellular and cell layer-associated (pericellular) labeled com-
pounds. 
,. Cells were harvested by trypsinization prior to determining the 
['"'SO,- ] compounds and the data represent intracellular labeled ma-
terial. ND, assay not done. 
deficiency of a crit ical lysosomal enzyme. The increased hexu-
ronic acid in vitro is also supported by the in vivo histochemical 
staining patterns in t his a nd other patients [7,23,24]. 
Although the growth of fibroblasts from this patient was 
TABLE III. Loss of intracellular ["''SO,- } proteoglycans 
Intracellular ['"'SO,- ] proteoglycans" 
Culture 0 time after 24-hr 
chase 
cpm/ ug DNA cpm/ ug DNA 
%remaining 
Controls (n = 5)" 523 ± 27 116 ± 12 22.2 
Hunter syndrome I 3678 2295 62.4 
Hunter syndrome II 2131 1840 86.3 
Lipoid proteinosis 668 234 35.0 
" Confluent cultures were incubated for 6 days with approximately 9 
x 10" cpm/ ml 35SO, - , after which the cells were passed and incu bated 
for 24 hr to determine the loss of intracellular '"'SO.,- -labeled com-
pounds. 
"Data are expressed as mean ± SE. 
quite slow, a finding similar to t hat noted previously in another 
patient [6], further biochemical studies will be required to 
delineate t he precise defect in lipoid proteinosis. In this regard, 
in our preliminary experiments, incorporation of a" SO,- into 
intracellular glycosaminoglycans was found to be approximately 
25% increased in the lipoid proteinosis cells (Table II) . In 
addition, examination of the intracellular degradation of th ese 
labeled glycosaminoglycans revealed that in the lipoid protei-
nosis cultures 35% of the labeled material remained after a 24-
hr chase period in unlabeled culture m edium, whereas 16-26% 
remained in 5 normal control cells a nd 62-86% remained in 
cultures from 2 patients with Hunter's syndrome (Ta ble Ill). 
This observation of a degradation rate for sulfa te-la beled intra-
cellular material intermediate between that of normal cells and 
that of Hunter cells in the sam e experiment suggests t he intri-
gu ing possibility of a partial enzym e defect. It is more likely, 
however, t hat t he in vitro increase in intracellular uronic acid 
coupled with th e markedly increased excretion of an unidenti-
fied protein in this patient's ur ine (see case report) without 
specific mucopolysacchariduria is indicative of a secondary 
increase in sulfated glycosaminoglycans [25]. • 
Taken togeth er , the biochemical fmdings suggest that, in a 
Feb. 1981 
limited sense, lipoid proteinosis shares certain characteristics 
with some of the mucolipidoses. In these disorders the biochem-
ical features overlap t hose of both t he mucopolysaccharidoses 
and t he sphingolipidoses and represent lysosomal storage dis-
eases "with evidence of multiple primary defects of mucopoly-
saccharide, lipid and glycoprotein metabolism in various com-
binations" [25]. Thus, it seems reasonable to postulate that the 
stored material in lipoid proteinosis represents a complex gly-
coprotein present in increased amounts as a result of single or 
multiple enzyme defects. 
We gratefully acknowledge the technical assistance of Ms. Ann 
Dyson. 
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